Naryn basin, which has the largest river catchment area in Kyrgyz Republic and many mountain glaciers, is a huge 'water tower' for Kyrgyz Republic and Uzbekistan. Thus, the behavior of its glaciers has a large impact on water resources for the arid flat plain below, providing water for residents, irrigation, and energy in Kyrgyz Republic and Central Asia. We investigated the recent glacier condition in the Naryn basin (Chon Naryn and Kichi Naryn catchments) using topographic maps of 1:25,000 scale and ALOS/AVNIR-2 satellite imagery. For the 45-year period 1965-2010, glacier area decreased by 17.4% in the Akshyirak massif, and by 20.8% in the Borkoldoy, 21.9% in the Jetim, 24.6% in the Jetimbel, 28.9% in the Naryn, 20.8% in the Sook, 20.9% in the Teskey (south-slope glaciers), and 17.8% in the Uchemchek mountain ranges. The dramatic shrinkage was greater for south-facing than for north-facing glaciers, with respective area losses of 23.6 and 19.8%. The glacier shrinkage might affect not only irrigation water withdrawals during summer but also the planning of four cascade power stations to be constructed in the Chon Naryn and Kichi Naryn catchments.
INTRODUCTION
Scientific discussions suggest that, regardless of whether climate change has natural or anthropogenic causes, it will have strong effects on glacier recession, regional hydrological balance, and economic sustainability in arid and semiarid regions of Central Asia (Alamanov et Mountain glaciers are one of the major water resources in Central Asia. Runoff in the arid flat plains is determined by annual precipitation and evaporation, which are related to temperature. However, glaciers collect solid precipitation in winter and release water to the arid flat plains during summer (Hagg et al. ) . The expected decrease in glaciers will lead to a reduction in surface runoff during summer because mountain runoff from glacier melting accounts for 30-40% of the contributions to river discharge during summer (Dikich ; Dikich & Mikhailova ) . This could result in water deficits in the Central Asian region.
issue of water resources or the potential impact of glacier shrinkage on water resources. Additionally, the Naryn basin is important not only for water supply but also for water power, providing two-thirds of the electricity needs of Kyrgyz Republic. The hydropower potential of the Naryn basin is 6,956.3 kWh, and it irrigates 400 km 2 of agricultural land (Mamatkanov et al. ) .
Thus, the Naryn basin has a significant influence on socio-economic activity in Central Asian countries through its supply of both water and electricity. In this study, we focus on the impact on water resources of the glacier condition in the Chon and Kichi Naryn catchments, which make a large contribution to the Naryn basin due to their many glaciers.
STUDY AREA
The Naryn basin is the largest river basin in Kyrgyzstan. Its flow runs from east to west across the territory of Kyrgyz Republic, and its length, before merging with the Syr-Darya, is more than 700 km. The major water resources of the Naryn basin are fluvial water from rain and snow and glaciers in the upstream area. There are 654 confirmed glaciers in the Naryn basin (Glacier Inventory of USSR , ). We investigated the recent condition of glaciers in the Chon Naryn and Kichi Naryn river catchments in the eastern part of the Naryn basin ( Figure 1 ). These catchments include 69% of the glacier area in the Naryn basin, including 607.9 km 2 (10.8% of the basin) in the Chon Naryn and 344.7 km 2 (8.9% of the basin) in the Kichi Naryn. The catchments include eight mountain ranges, the Akshyirak, Borkoldoy, Naryn, Sook, Jetim, Jetimbel, Teskey, and Uchemchek. 
DATA AND METHODS

Data and processing
To clarify recent glacier changes in the two catchments, glacier boundaries were delineated on 1:25,000 topographic . We used orthorectified ALOS/AVNIR-2 products by JAXA in this study. To reduce the potential uncertainty in glacier mapping with satellite data, we selected satellite imagery acquired during the glacier ablation period that had minimal cloud cover or nearly cloudfree conditions. The topographic maps were scanned at 700 dpi and were projected by georeference on ArcGIS 9.2.
Glacier outline extraction
The outlines of glaciers were extracted manually by visual interpretation of the 2008-2010 ALOS/AVNIR-2 images ( Figure 2 ). The areas of the extracted glacier polygons were computed using ArcGIS 9.2, with omission of glacier areas smaller than 0.1 km 2 . We added the glacier polygon data to attribute data such as mean elevation, minimum elevation, maximum elevation, area, and aspect in each glacier-area class (Tables 1 and 2 ). The change in the terminus position of some glaciers was observed during fieldwork from 2010 to 2012 using GPS measurements.
RESULTS
Characteristics of glacier distribution
We investigated 654 glaciers in the two catchments: 15 gla- area and aspect indicates that large glaciers are concentrated on northern aspects. The majority (74.3%) of the total area is located in three sectors, i.e. northwest, north, and northeast. Table 2 shows the distribution of glaciers classified according to area class (0.1-0.5, 0.5-1, 1-2, 2-5, and >5 km 2 ) for the eight mountain ranges. In three mountain ranges, the distributions of glacier size classes are similar: glaciers with areas of less than 1 km 2 occupy 78% in the Jetimbel range, 86% in the Naryn range, and 84% in the Sook range, and there are no glaciers larger than 5 km 2 in these ranges. In the Akshyirak massif, small glaciers of less than 1 km 2 occupy 11.5%, and larger glaciers of more than 5 km 2 occupy 48%. In the other (Borkoldoy, Jetim, Teskey, and Uchemchek) ranges, the distribution of glacier size classes is different; glaciers with areas of less than 1 km 2 occupy 39-50% and those larger than 5 km 2 occupy 14-28%. The glacier termini elevations in these four mountain ranges are quite different: Changes in glacier area from ∼1965 and ∼2010
We investigated glacier shrinkage in the two catchments using 1:25,000 topographic maps (∼1965) and ALOS AVNIR-2 satellite data (∼2010). The total area of the 654 studied glaciers decreased by 21.3% (from 585.4 to 460.5 km 2 ) during ∼1965 to ∼2010 (Table 3) Tables 2 and 3 ). There were also dramatic differences between glaciers located on northern and southern slopes in these changes (Figure 3) . On northern slopes, 513 glaciers decreased by 19.7%, but on southern slopes, 78 glaciers were reduced by 24.1%.
DISCUSSION
Recent glacier shrinkage related to local climate changes Glacier sizes distributed are variable in the study area. The Naryn range, which is characterized by many small-scale (less than 1 km 2 ) glaciers, is one of the most significant glacier retreat areas in the study region (Table 3) Table 4 contains the values of runoff norm and the share of glacier melt water are analyzed using Dikich's method. The contribution of glacier runoff to the summer discharge is large in both catchments. After the Chon Naryn, the Kichi Naryn catchment is the second major tributary of the Naryn River by amount of glacier coverage. The decreases in glacier area are partly due to decreased precipitation, which not only affects the availability of water for irrigation but also has a cascading effect on the hydropower works in the Toktogul, Kurpsay, Tashkumyr, Shamaldysay, and Uchkurgan parts 
CONCLUSION
The total area of glaciers of the Chon Naryn and Kichi Naryn catchments of the Naryn basin decreased significantly between ∼1965 and ∼2010, with a total glacier retreat of 21.3%, due to increasing summer temperatures and decreasing precipitation. This glacier shrinkage varied with regional climate and differed among glaciers of different sizes and according to elevation. The largest amount of glacier shrinkage occurred in the Naryn range (28.9%)
because of the dominance of small-scale glaciers on northfacing slopes. Strong glacier retreat can produce large quantities of water in a short time period, which may cause hazards in downstream areas, and continuing glacier shrinkage will result in water and energy deficiencies in the region.
The present state of these glaciers needs to be evaluated and monitored scientifically for reasonable development and use of regional water resources and water cycle models, and for regional economic planning.
